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Alstroemeria (Alstroemeria hybrida) as an important and popular herbaceous cut flower, belongs to Alstroemeriaceae family considering the variations in its color and cold resistance. The main problem of alstroemeria is the short life of its leaves (Ferrante et al., 2004) . Postharvest chemical treatments are used to reduce leaf yellowing and extend its vase life. The presence of a sugar in the vase solution effectively delays petal wilting and abscission and prolongs the longevity of many cut flowers. The exogenous sugars provide substrates for respiration and structural support and improve water balance in cut flowers (Pun and Ichimura, 2003) .
Senescence of cut flowers may depend on many factors such as water stress, carbohydrate depletion, microorganisms and ethylene effects (Mohd Rafdi et al., 2018) . By adding some chemicals to the preservation solutions and provide suitable conditions for the flowers it is possible to delay the quality degradation during postharvest (Ebrahim-Zadeh and SaifiI, 1999) .
This study examines the effects of different concentration of nanosilver, salicylic acid, spermine and some essential oils preharvest and postharvest on improving the vase life and maintaining life quality of alstroemeria cut flowers. Salicylic acid could be considered as an endogenous plant hormone involved in the regulation of plant growth, development and disease resistance mechanisms (Hayat et al., 2010; Luo et al., 2011) .
Polyamines are a new group of plant growth regulators wherein spermine and spermidine seem to be more effective in preventing senescence-related events than similar treatments (Harindra Champa et al., 2015) . Herbal essential oils are natural compounds that are known as secondary metabolites with a strong effect on pathogens control and a proven antimicrobial impact. Since these compounds increase the vase life of cut flowers, their use is becoming widespread recently (Sharififar et al., 2007; Svircev et al., 2007) . The aim of this study is to identify the best treatments and methods on vase life of cut astroemeria flowers.
This experiment was carried out in April 2016 on alstroemeria cut flowers obtained from local commercial greenhouse Mahallat located in the Markazi Province in Iran (longitude 50°49' E and latitude 33°87'N) and is 1747 m above sea level. Plants were grown under standard greenhouse conditions at 22°C and 16°C day and night temperatures, respectively. Some of the plants were sprayed (approximately 500 ml per plant) with different chemical compounds while the control flowers were sprayed with distilled water. About three weeks later, cut flowers followed by all plants were harvested in the early morning and transported with appropriate cover (in plastic packages) immediately to the laboratory of Horticulture Department. All flowers were uniformly recut with a height of 50 cm and put in the prepared solutions (Table  1) after removing the leaves at their end of stem and weighting. Vase life was defined as the time from the start of treatment until the senescence of flowers. The vase life of cut flowers was evaluated in a 12h photoperiod, the light intensity of 12 μmol m -2 s -1 , relative humidity of 60 to 70%, and the temperature of 20 ± 2 ˚C. An aqueous solution of NS (5 and 10ppm), SA (200 and 300ppm), SP (10 and 20ppm), AN (50 and 100ppm), CM (50 and100ppm) and distilled water were sprayed to run-off (approximately 500 mL per plant) about three weeks before flowers harvest. Next, both treated (sprayed) and untreated cut flowers were harvested. The cut flowers treated preharvest (B) were kept in vase solution containing sucrose 3% with distilled water. Vase solution concentrations (pulsing 24h: A1) were distilled water with 20% sucrose. Vase solution concentrations (continuous: A2) were NS (1 and 3 ppm), SA (30 and 50 ppm), SP (5 and 10 ppm), AN (5 and 10 ppm), CM (5 and 10 ppm), and distilled water with 3% sucrose.
Vase life of the cut flowers was evaluated daily. The period from the first day (0 day) when cut flowers were placed in vase solutions until they lost their ornamental value were measured. The end of alstroemeria vase life was determined with yellowing of 50% leaves or falling 50% florets (Ferrante et al., 2004) .
In order to measure a, b, and total chlorophyll content of the plants, sampling was performed in the first and last days of the test. The process of measuring chlorophyll was performed using Mazumdar and Majumder (2003) , and 12 th days based on the spectrophotometry by Giannopolitis and Ries (1977) method on petal tissue. The reaction solution (1 mL) contained 50 mM phosphate buffer (pH= 7), 12 mM riboflavin, 13 mM methionine, 0.1 mM EDTA, 7 mM nitro blue tetrazolium (NBT), and 10 μL of extracted enzyme solution. A solution with no enzyme was used as the control. Test tubes were irradiated under fluorescent lights at 100 mmol m -2 s -1 for 20 min. The absorbance of each solution was measured at 560 nm using a spectrophotometer. One unit of enzyme activity was defined as the amount of enzyme that would inhibit 50% of NBT photo reduction. For measuring Lipid peroxidation (MDA), a branch was removed at the end of vase life of the control and its petals were measured as peroxidation reaction product of membrane fatty acids to determine peroxidation of lipids and lipid peroxidation (MDA) using Heath and Packer's method (1968).
To estimate bacterial population in stems after treatments, 2-cm length (approximately 0.5 g) segments were cut from the stem ends. Explants were washed three times with sterile distilled water to reduce surface microbial loads. The explants were then ground and diluted with 0.9% sterile herbal saline. Aliquots (0.1 mL) of extract were spread on nutrient agar plates, and bacterial colonies were enumerated after incubation for 24 h at 37°C. All bacteria counts were conducted on triplicate sub-samples (Balestra et al., 2005) . After plate counting, obtained colonies were studied and separated by their apparent morphological differences. As a result, 11 bacterial isolates were obtained that were purified and differentiated according to their typical morphological and biochemical characteristics. Bacterial morphological studies were motility, cell shape, and capsule presence. The biochemical tests carried out on isolated bacterial colonies were Gram reaction using KOH, aerobic/anaerobic growth, acid production from glucose, gas production from Dglucose, fluorescent pigments production on KB, oxidase test, catalase test, gelatin hydrolysis, starch hydrolysis, urease, indole production, methyl red reaction, acetoin (VP), nitrate reduction, and H 2 S production from cysteine (Janse, 2005) .
Data were subjected to analysis of variance (ANOVA) in SAS statistical software. Sources of variation were different concentrations of treatments and methods. The mean values were compared by the Least Significant Difference (LSD) test at the 0.05 and 0.01 of probability level.
The results of analysis of variance vase life of cut Alstroemeria hybrida flowers showed that the effect of interaction of treatments (T) in different methods (M) on the vase life of alstroemeria was significant at 1% level so that there was a significant difference at 1% level between chemical treatments at all levels and preservative methods (Table 2) .
In general, the maximum vase life of alstroemeria was related to the interaction effect of silver nanoparticles treatment with a concentration of 10 ppm (NS2) and the pre-harvest methods (B) with an average of 23 days. Furthermore, the minimum vase life of alstroemeria was related to the interaction effect of the DW treatment (distilled water and sucrose 20%) and the pulse method (A1) with an average of 11.33 days (Figure 1) .
The results are in accordance with the findings of (Liu et al., 2009) that are the positive impact of silver nanoparticles at a concentration of 5 ppm on the vase life of gerbera cut flower. In another study, it was reported that a concentration of 1.5 mM salicylic acid had increased the vase life of cut gladiolus flower from 18 days for the control group to 21 days (Jalili Marandi et al., 2011).
Revista de Agricultura Neotropical, Cassilândia-MS, v. 6, n. 2, p. 108-115, abr./jun. 2019. The use of any of treatments of spermine and herbal essential oils increased vase life and vase life compared to the control that these results correspond with the results of other research in this area (Lee et al., 1997; Zhang et al., 2003) . Many studies indicated that nanosilver increase quality and vase life of cut flowers such as gerbera (Solgi et al., 2009 ) and lilium (Kim et al., 2005) . Basiri et al. (2011) showed that nanosilver could extend the vase life of cut carnation. NS particles are commonly used in a range of fields for its antimicrobial properties, including the medical industry and for vegetable disinfestations (Jiang et al., 2004) . These effects have been confirmed by Liu et al. (2009) who reported that NS could profoundly inhibit bacterial growth in vase solutions, as well as at plant stem ends, which concomitantly results in the extended vase life of the flowers. Jin et al. (2006) demonstrated that salicylic acid improved flower tolerance to water deficit stress and increased vase life of cut rose flowers. Spermine has a well-established role in the stimulation of cell division and in the delay of senescence. Besides, it is known for its anti-senescence effects during an aging sequence of plant tissues (Kitada et al., 1979) .Variance analysis of the data shows that the amount of chlorophyll a, b, and the total is statistically significant at 1% level of likelihood. As shown in (Table 2 and Figures 2, 3, 4) application of preharvest nanosilver treatment (10 ppm) is found to be more effective in a decrease in chlorophyll degradation. Among the studied treatments, nanosilver (NS2) and control (DW) treatments had respectively the highest and lowest chlorophyll contents during an experiment in all methods. The decrease in chlorophyll is considered to be a symptom of oxidative stress condition, this decrease after infection might be due to the generation of reactive oxygen species (ROS) causing damage to chlorophyll a, implying the plant's failure to capture the light and thus photosynthesis will be decreased or stopped (Ali and Alqarainy, 2006) . This reduction may be because of chlorophyll degradation, reduced chlorophyll synthesis, and stability of thylakoid membrane. In addition, it may be associated with the increased activity of chlorophyllase enzyme (El-Shanhorey et al., 2014) . It seems that the above anti-ethylene treatments cause the preservation of Chlorophyll by inhibition of the activity of chlorophyllase enzyme and development of chloroplasts. Yellowing of the leaves is a common phenomenon in many sensitive species such as Astroemeria, Lilium, Chrysanthemum and stock. In many species, leaf yellowing may be caused by placing plants in the dark for a long time during storage or transport (Ferrante et al., 2002) . Mousavi Bazaz and Tehranifar (2011) evaluated the effects of herbal essential oils on alstroemeria cut flower and found that the use of these compounds is effective to increase chlorophyll content. In addition, similar results were reported which confirm our findings (Hashemabadi, 2011; Basiri et al., 2011) .
The ANOVA test showed that interaction treatments (T) in the methods (M) of the SOD enzyme was significant on cut flowers on different days. The results showed that SOD activity decreased significantly during the experiment. Among all treatments of nanosilver, NS2 had the highest SOD activity and the lowest activity of the SOD enzyme was related to control treatment (DW) at all methods. Overall, the highest amount of SOD enzyme was the application of preharvest nanosilver (10 ppm) with 3% sucrose on the 12th day with an average of 120 µmol/g FW and the lowest amount of SOD activity was the application of pulsing (distilled water with 20%sucrose) with an average of 22.68 µmol/g FW on the 12 th day (Table 3 ).
The ANOVA test results showed that the statistically significant effect of different treatments and methods on content of MDA (P<0.05). Information obtained by mean comparison revealed that all treatments caused a decrease in MDA accumulation than that of the control (DW). The results of this experiment showed that MDA content increased during vase period. The lowest content of MDA (20 nmol g -1 FW) was observed in the application of pre-harvest (B) nanosilver treatment (10 ppm) with sucrose 3% on the 12 th day.
Effect of silver nanoparticles, spermine, salicylic acid and essential oils on vase life of Alstroemeria Revista de Agricultura Neotropical, Cassilândia-MS, v. 6, n. 2, p. 108-115, abr./jun. 2019. On the other hand, the highest content of MDA was observed in the 12 th day of DW (distilled water and 20% sucrose) in pulsing method (A1) with an average of 120 nmol g -1 FW on the plant fresh weight. MDA, a product of lipid peroxidation, has been proposed as a suitable marker of lipid peroxidation (Bailly et al., 1996) . Kazemi and Ameri (2012) reported the positive effect of herbal essential oils of thyme and lavender on the stability of the membrane and reduction of MDA in clove cut flowers, which are consistent with the results of the present research. The number of bacteria in stem end of cut flowers decreased significantly with the application of nanosilver treatment. The least number of bacteria was obtained in the stems treated with nanosilver with high concentration preharvest and postharvest. We found that all compounds had antibacterial effects on stem ends microorganisms and could decrease these preservative compounds. The most consistent antibacterial action was found in pretreatment nanosilver (NS2) particles. Enterobacteriaceae is a large group of gram-negative bacteria identified in the stem end of cut alstroemeria flowers. This group includes E-coli, Enterobacter, Klebsiella, Proteus, Serratia, Citrobacter, and Pseudomonas, as well as a variety of gram-positive bacteria including Staphylococcus Aureus, Streptococcus, Bacillus cereus, and Actinomycetes. Low water uptake by cut flowers is often due to occlusions located mainly in the basal stem end cut flowers (He et al., 2006) . Microorganisms and their decay products are a common cause of stem end blockage (Van Doorn, 1997) . Basiri et al. (2011) indicated that the lowest bacteria concentration in the stem end of cut carnations was obtained with 5mg/l silver nanoparticles and the highest concentration rate was observed in control plants. Hence, nanosilver treatment has antibacterial effects and can extend the quality and vase life of cut flowers. In addition to Bacillus, Van Doorn et al. (1991) found different bacterial strains such as pseudomonads, enterobacteria, and some other genera such as Aeromonas, Acinetobacter, Alcaligenes, Citrobacter and Flavobacterium, which occurred infrequently in rose stems. In another study Van Doorn and De Witte (1997) detected Pseudomonads and Enterobacteria were detected as the dominant bacterial strains in stems of cut 'Sonia' roses.
This study showed that application of nanosilver (NS2) preharvest plays a high preservative role by prolonging the vase life of alstroemeria cut flowers. Moreover, it was observed that other treatments effectively extend vase life. Thus, the results suggest that nanosilver treatment has the potential to be used commercially to extend the vase life of cut alstroemeria flowers.
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